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SAKHAROV, T. Ye. 


AM ‘date | ico-} si. Hes tate: "Flemure in- | 

At Moscow, -19h7-48-. Candidate Physico-Math Sci. Hscow State V, 19k7. "Fle 

‘a Wedge-Shaped Encastre Plate Subjected to Arbitrary Loads," Prike Matemat. i Mekh., ae 
“12, Now hy 1948; "Bending of a Beam Stretched. by Centrifugal forces," ibid., 13,. eer oo 
Now 3,.1949. (Moscow, 1948) : Feet 
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SASHAROV, I.Ye,., kandidat fiziko-natematichesldkh nauk; LYUDIN, ¢.L., inzhener. — 
Gcetaeateat ingosttestion: of vibrations. in a large turbogenerator. 


Vest. electropron. 27 20.7: 86-52 JL "56% ee (EBA 10: 8) 


if aecuae tecibasig ae institut Minis teratva alekctrotekhnd= 


. cheskoy promyshlennos ti. 
(Gurbegenaratore--W4 bration). 
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_ AUTHOR : Sekharov, I, Ye. (usseee) She: i 24-5 -14/25 


Gem Joes Se 
 [T[LE: Frequency of natural oscillations of ring-shaped plates. - 
(Chastoty sobstvennykh kolebaniy kol'tsevykh plastinok). 


PERIODICAL: "Izvestiya Akademii Nauk, Otdeleniye Tekhnicheskikh Nauk" 
-- . (Bulletin of the Ac.Sc., Technical Sciences Beer ony 
1957, No.5, pp.107-110 (U.S.S.R.) ae ee ee 
ABSTRACT: It.is frequently necessary to caloulate the behaviour 
: of ring-shaped plates under dynamic load conditions and’. 
“particularly to determine the frequency of their natural. 
oscillations. In this paper formulae are derived for 
. calculating the frequency of the natural oscillations © and 
the derived formulae are utilised for plotting graphs of: the 
“dependence of the basic wave and of the first two harmonics 
of natural oscillations as a function of the relative hole 
area for two types of boundary conditions, namely, for the 
os"... “gase that the external edge is rigidly. ‘clamped and for. the- 
Cogs case. that the external edge is: freely. supported.. 
as _ There are 2 figures. and 4 Slavic motorcar es 
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| ~ apsmaacr: In a:c. machines forces of magnetic abiraetion ‘between 


RET Is Ve ee Nes ee 


| AUTHOR: ‘Sakharov, I. Ye. (itgasou). 24-11-20/31 


TITLE: “On forced oscillations of stators of a.c, electrical 
machines, (O vynuzhdennykh kolebaniyakh statorov 
elektricheskikh mashin peremennogo toka). 2s 


PH ‘RIODICAL: Izvestiya Akademii Naulc SSSR, Otdeleniye ‘Tekhni cheskith 
‘Nauk, (1997, No. 11,: pp. .167-169 (USSR) | 


‘the-rotor and :the stator are generated which rotate . 
together with the field. Since the stator of the machine © 
represents an‘oscillation system, the rotating magnetic — 
forces of attraction generate: vibrations in the stator 
which,in certain cases,have to be eliminated or at least. 
“reduced, This phenomenon can be described using the 
following ° ‘simplifying assumptions: the stator is considered . 
as a thin ring of unit width; in: the expression for. the 
induction in the air gap only the fundamental is taken | 
-into.consideration; as resistance forces the forces of: 
external friction are considered which. are proportional 
to. the speed of displacement of the axis of the ring and: 
also the internal. friction which:is proportional to the 
speed of deformation of the ring fibres, The motion of 


| Cara 1/3 an elenent of the uniform thin ring of eaves cross section, 
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24-11-20/31 
~ On forced | oscillations of stators of a.c. electrical machines, 


to which the back.sf the. stator is reduced, is expressed cr 
by equations given. py Love, A. (Ref.1).° “ihe internal 
friction is taken into consideration by. means of ‘the . 
formula given by Kushul', M. Ya. (Ref.2) expressing the | 
dependence between the stresses, ‘deformations and the 
deformation speed, Eq.(3), p.167, The dynamic bending - 
of the back of the stator can be considered as equalling . 
-the, static bending under the effect of a load: Sesag Aise R)x. 
cos~ p@, increased by a dynamic coefficient, k, 
rotating with an angular speed w, The dont se ASeatag 
lags behind the maximum of the distributed load by an 
angle Y%. The derived solution reflects qualitatively 
the observations made in experimental study of the 
vibrations of the stators of electrical. machines, . 
particularly stators of turbo-generators, namely, that 
--in each point: of the laminations the oscillation 
frequency 2 pw = 100 c.p.s, and that. the vibrations 
along the crgss section of the machine at the points 
spaced at-45° apart are always shifted in phase. by 9°. 
The calculated and -the experimentally determined maximum 
bending values differ and this is attributed to the . 
‘card 2/3 difference between the calculated and the real natural 
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Sakharov, TeBary Candidate Phys.Math.Sci., and Lyudin, ete: a 


Engineer (Scientific Research Institute of the Ministry of the: 
#lectro-technical Industry.) a? eke, 
Determination of the dynamic stiffness of the rotor supports: 


of a‘ turbo-generator. (Opredeléniye dinamicheskoy zhestkosti... 
~opor rotora turbogeneratora. Ba! aoe 


nyestmik Ble ktroprom, shlennosti" (Journal of the Blectrical © 
: Industry), 1957, Vol. 28, No. 5, pp» 31 — 34, (U.S.8.R.) 


A ‘The stiffness of rotor supports influences the critical 
speed of an altemator, and if the support is considered as. 
an oscillating system it is necessary to know. its dynamic 


characteristics. These cannot be calculated and accordingly. 
experimental determination of the dynamic stiffness of the” 


supports is required. This article gives the results of such 


_ a determination, 


“fhe oscillations of the bearings were set up by means of an ~ 
eccentric vibrator with an amplitude force value of 5 000 kg. at § 
a speed of 3 O00 T.p.m.. The vibrator was driven by a 9 KWd.ce: 


motor. The vibrator was rigidly fixed to. a special steel liner. 


. which replaced. the usual bearing liners at the exciter and the — 


‘turbine ends. Oscillations of the support in three directions. . 


turbo-generator from the exciter end in the vertical direction — 


the vibrator was installed so that the force-acted vertically. >. 


Te 
| Saeed Ae 
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Determination of the dynamic stiffness of the rotor sugGorts 
of a turbo-gene rator. (Cont. ) Oo ae e aay Be 


“Records were made of three components of the oscillation of =. 
the bearing over the speed range from 0 to 3 460 r.p.m.. Then» 
‘the vibrator was installed so that the force. acted: horizontally. 
-and the recordings were repeated. Similar tests were carried 
out from the turbine end. The speed of the: vibrator was 
increased by stages... Be 2 Sha, Ne a ao 
“ The test results are presented in the form of graphs. ae 
. Phe dynamic stiffness of the supports. is obtained by dividing. 
the magnitude of the exciting forces by the corre sponding “ea 
amplitudes of vertical or transverse oscillation. On the . a 
basis of the experiwental. results formulae are given for the. | 
rigidity of the turbo—ge: 2ratvor supports as functions of the. 
speed. The dynamical stiffnesses obtained were used. to: . inh: 
calculate the critical speed, and the calculated values are... 
compared with experimental ones. The procedure of. calculations © 
-for determination of the dynamic stiffness of a support from” ).? 
the exciter end is given as an appendix and a particular eer 
example is worked out. The results are in good agreement with. 
: the°experimental data. Pee : $3 phe 
_%3 figures, no literature references. 
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ang. Stuer a 110-10- 5/18 
- AUTHOR: Sakharov, I.E., - Candidate of Phys. Math. Sciences, and... 
ae - ~fer=wikaelyan, Mp, M., Candidate of Phys.Math.Sciences. 


~ PITRE: Calculation of the Critical Speeds of a Turbo- -generator | bagel 
cae Rotor on EBlastic-massive Supports ‘using an Electronic ae 
Computer. (Raschet na elektronnoy schetnoy. mashine kriti- 
cheskikh ek ro bbe: rotora turbo- aera ra ore. na. eprueo meses. 
ivnykh | oporakh) - 


‘PERIODICAL: Vestnil Blektropronystilennosts,, 1957, Vol. 28, No.10, 
fs pps 19° S01) (USSR) 


: ABSTRACT: ‘aunbos peneccions with an output of greater than about. 6 MW ener 
are made with flexible shafts and the working speed is above® 0} 
a critical speed. In designing a rotor it is important to“be® et 
- |. able -to. ensure that the working speed is at least 20-30% away . 
"from the critical speed. This article deals with the influence 
of give, or pliability of the support bearings of the trbo- 
generator on the: critical speeds of the rotor. The problem is. 
' solved accurately by means of.a computer. The critical speeds’ 
- are determined as roots of a.characteristic equation obtained 
from boundary conditions and conditions of continuity of geo~ 
metrical: and power factors at places of step-wise change in - 
. ‘the section of the rotor on the assumption that the rotor con— 
vara ‘V4 sists of a number of parts of constant section to each: of which 


i maser xr t * (inet ears Sent Helaretaeiarte-ix (rs ad a 
her Tis Lee Fi All Sane SA PE Ls Pee ee Pe Gere I bed er Pee Ee Seca = 
UR ASS RTD S ESE UBIWKALIE) ARO 2 SASCRE SERIA RaRSST TED | RISRTOOMOD ASSET 
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oe Galculation of the Critical Speeds.of a Turbo-generator Rotor on 
". Blastic-massive Supports using an Electronic Computer. — Lane 


’ of critical speed made by the usual graphical methods. — 


the equations of oscillation of a beam are applicable. Tre 
results of the calculation graphically show the relationship: 
between the critical speeds and the various amounts of give in 
the two bearings. The results may _be compared with calculations. . 


‘The formulation of the equation for @termination of the = 
critical speeds is then described. The turbo-generator rotor: =~. 
is considered as a beam consisting of a number of sections of 


~ qgifferent rigidity with a common axis with elastic massive end 

~ supports... The equations and boundary conditions are given. The 
- equations required to determine the critical speeds in a rotor 

* gonsisting of eleven different sections are given in Table 1. - 


- Me procedure of calculation for a rotor of eleven sections ~ 
is then described. Allowance was made for the rigidity of the = 
copper and wedges in the slot. Seven values of static elastic- : .. 
ity were used for each support, taking the weight of the support 


as ten tons. Engineer L.P. Friedman participated in the deri~ yee 
- vation of the formulae. The equation for the eritical speeds 
is given and appropriate characteristics for the rotor.and. the 
| supports are taken from Tables 2 and 3. There is a total of 
vard 2/4 


28 variants which makes the problem very complicated but simpli- 
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ge de Oe rene oy. Moe. b BOS We ipa SE ee -110-10-3/18 
“Calculation of the Critical Speeds of a Turbo-generator Rotor on 
~. Blastic-massive supports using an Electronic Computer. 


~ fying assumptions ‘are explained. The application of the equ- 
ation to a large electronic computer with a memory system con- 


taining 1 024 celis is explained. The way in which the method 


was simplified: to adapt it to the computer is xplained.. The 


final programme contained 251 orders whilst a further 81 cells 


were occupied by standard. signs and constants used in the pro- -2°. 
gramme. Engineer B.I. Kuznetsov participated in the work. Four... 


constants were located in an external memory device ti which 


-reference had to be made 28-times. Bach variant. was worked out. 


in rather less than two minutes which corresponds to approxim- 
ately a million operations per variant. It is not: difficult to 
extend this. programme to a rotor with a greater number of —. 
sections. Therefore, once ‘the programme has been drawn up “ait: 
can be used: for practically any turbo-generator rotor. It is, 


: of course, necessary each time to substitute fresh initial data. 


The four first critical speeds of the rotor were determined. 


for the variants given in Tables 2 and 3. ‘The results are given: 


in Figs. 2,°3, 4 and 5. The yield of one of the supports iS 38 
plotted on the abscissus. and the yield of the other is the para-.. 


card 3/4 
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-Ineter of a family.of curves giving the values of the critical 


speed. Fig. 6 gives the first four critical speeds as a function 
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Calculation of the Critical Speeds of a Turbo-generator Rotor on... 
.' Elastic-massive supports using an f&lectronic Computer. | e aN ee Jee 
i of the yield of the supports for the case when both supports have —- 
the same dynamic characteristics. The graphs show that, within ~~ °. 
_ the range investigated, variations in the yield of the supports. 
_ has little influence on the first critical speed but much more. 
influence on the higher critical speeds. A practical example is. 
given based on data obtained from a power station. It is shown... 
_ that the effect of yield in the suprorts is to reduce the first 22: 
_ critical speed by 6% and the second by 25%. on ag og SY aig Bee, a ee 
The calculations demonstrate the effectiveness of computers =. 
in solving new problems of turbo-generator design connected with 


. reduction of vibration. 
- ., There are 6 figures, 3 tables and 1 Slavic reference. hie 
. ASSOCIATION: . Scientific Research Institute of the EBlectro-technical 
i. 2 ys _ Industry. (NII EP) and Institute of Mathematics and | oe 
Mechanics of Ac.Sc. Armenian SSR. (Institut Matematiki . 
Mogg? ae yo i Mekhaniki AN Arm. SSR) aie be es Pe See 
. SUBMITTED: June 17, 1957 oo 
VAILABLE: Library of Congress — 
VATS ER: Tabrany, pf Congress ©! 
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AUTHOR: | Sakharov, I. Ye. (Moscow) SOV/179-59-328/45 


oe 
TITLE: © Constrained Vibrations of the Disc on a Horizontal .9 © 
Unequal Shaft Rotating in Anisotropic Flexible Bearings. =~ 
' (Vynuzhdennyye kolebaniya diska na gorizontal'nom> panes 
; valu dvoynoy zhestkosti, vrashchayushchemsya vo 
“anizotropnykh uprugo-massovykh oporakh) 


PERIODICAL: Izvestiya Akademii nauk SSSR, Otdeleniye tekhnicheskikh © 
nauk, Mekhanika i mashinostroyeniye, 1950s News st See 
pp 53-58 (USSR) | 
ABSTRACT: The various factors affecting the vibrations of turbines’: 
tied “: ean be investigated when their shaft’ disc can be adjusted © 
‘by means of the flexible bearings which incorporate a set.” 
of springs. This type of bearing is known as. eee ete 
‘anisotropic... Such an arrangement is illustrated in’. 
Pig. Ly where displacements of the disc and bearings can 
be measured. The following notations are used for the - 
calculations: ; A avats er 
Ga Cy - coefficients of shaft rigidity, 
moo. - mass of the disc, anes Penns eet 
d ; . coefficients of bearing rigidity inthe vertical 
Card Lj oe : and horizontal directions respectively, — es 
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SOV/179-59- ~3-8/45- 


‘on a Horizontal. Unequal Shaft 


, Constrained Vibrations of) the Diss 
Rotating in Ani sotropic “Flexible Beanenee 


M = mass. of ‘bearing; 
‘gy = angular . velocity of shaft rotation, 
wo gravity, 90° 
5 OO - coordinates of the diss ‘centre, 
ae - ‘projected coordinates of the: disc centre; 


LXg - projected: coordinates of the ‘bearing centres : 


The differential equations of the motion of the disc: and 
the bearing centres, projected at the axis X91 Yo can be 
described as shown in Eq (1.1),:and- those of the dise?* a 
projected at the axis X,1 Yq as Eqs (i. 2).° These become. 
Eq (1.4) when, the forces ‘of interaction between the eee 
‘bearing and the disc, Eq (1.3), are substituted.. ‘The.*: 
complex formula of Eq. (1.4) can be given-as Eq (1.6). 
Their solutions can be obtained as Eqs (1. 8) and (1. 9). 
when the expressions (1.7) are introduced. These . : 
equations can be determined with various Sporosialiguns 
Pe _. The ‘zero. approximation for the action of the disc's roe 
Card 2/4. weight can be obtained as Bq (2.1), whilst in the. case Ao 
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Reece aS Ss SOV/179-59-3-8/45 
Constrained Vibrations of the Dise on a Horizontal. Unequal Shaft... 
‘Rotating in Anisotropic Flexible Bearings ae se ee 

of the unequal shaft - as Eqs (2.2) and (2.3). “The eis 
character of the critical velocity in the latter case. is... 
illustrated in Fig 2, where }~ - parameter defining the 
ratio of the mass of half of the disc to that of the ==" 
--bearing. Similarly, the first approximation for the:two-! 

groups are obtained as Eqs (3.1) to (3.3) and Eqs (3.4) 

“to (3.7) respectively. -The projected displacement of — : 
the centres of the disc and bearings at the axis xicand 

y.- can be. determined as Eqs (4.1) and (4.2) respectively. 
e formulae that ‘the: magnitude: of _ 
(i.e, with the number of. ba Bee 


TE can be seen from. thes 

the critical velocities ae 
revolutions when the vibrations show their maximum) is 9%... 
“not constant. “This magnitude increases when the specific aa: 

_ frequency of the bearing vibrations becomes near to the .-. 
-tirst critical yelocity of the shaft with large parameters © 
jy (Fig 2). Also, the number. of critical velocities of the — 
shaft increases. Generally, it can be said that the... ! 
investigations showed the complex effect accompanying =) 


the rotation. These effects in the case of turbines 93000: 


‘Card 3/4 
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- ; ; S0V/179-59- go 8/45 oe 
; - Constrained Vibrations of the Disc on a Horizontal Unequal. Shaft. Le 
: BOECCIBS in Anisotropic Flexible Bearings ; oes ; . ‘ 
often. ‘produce vibrations of the second and third 


: harmonics. : : 
There are 2 figures and 2 English references. 


Fs Goeuperen! rebeusly 7 1959. ee 
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24,4500 
“AUTHOR? 
~ PITLE 3” 


"PERIODICAL: 


ABSTRACT: 


Sakharov, IxYe.—~ (Mo sc ow) 


Vibrations"of Circular and Annular Plates 26 


67595 oes 
SOV/179-59-5-16/41 


Dynamic Rigidity in the Theory of Axially Symmetric 


Izvestiya Akademii nauk SSSR, Otdeleniye tekhnicheskikh 9 | 


nauk, Mekhanika i mashinostroyeniye, 1959, Nr 5, 


pp 90-98 (USSR) > 


The paper is a continuation of previous work (Ref 5). oe 
The method of dynamic rigidity has been. successfully : 
applied by a number of. workers to the investigation: of (°°... 
torsional, bending and other vibrations of rods and-™ . 

rod systems. (The value of. the method is that:it enables’. 


-the dynamic properties of complex systems to be inferred 
from the properties of simpler systems. In. particular, 9.) 


quantities characterizing: the relation between the 
sinusoidal generalized forces and the sinusoidal . 


it is possible to determine the change of natural frequency — 
of separate structural elements as a result of : oo 
incorporation into the structure. Dynamic rigidities are. 


generalized displacements. | The dynamic rigidity of a. 
circular plate subjected to a concentrated force at the = 
centre and either clamped or supported at the one 


poor 


ee aS ESES as BONE A SS? STEIN POE OR 
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67595 a ea 
SOV/179-59-5-16/41 
"Dynamic He eabty in thie Theory of axially pone ras. Vibrations of . 
Circular’ and Annular. Plates . 


circumference is found in terms of ee functions. 
The problem is: then. considered of two annular. plates, 
one having external radius: a and internal radius. b,°- 
the second having external radius’ °b and internal | ; _ 
radius cc. The plates are mutually connected along the 
circumference of radius. b by a hinged support. The. 

-thicknesses and properties of the plates may be different. 
The dynamic rigidities Kj. and Ko of the two plates are. 
found from the. differential equation governing their 
vibrations and the frequency. of the combined system is” ; 
found from the-condition Ky -+ Ko = 0. This equation is. 
solved. graphically for the cases when the external plate - 
is clamped or supported at its external’ boundary. . The 

-method is. also’ applied to the determination of the natural . 

. frequency of axially. symmetric vibrations of a cylindrical” 
shell. closed at. one end by an annular plate. © Thanks are eee 
expressed to N.K.Pessenikova for help in carrying out the 
work, There are 3 figures: and 7 Soviet: references... Be 


SUBMITTED: March 17, 1959. 
Card 2/2 000 : 
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24.4100 we Og a ep : : shi nafs 9/900/06/ /oz2/029 
So ens 3 . : ee ES sosi/aii, 
AUTHORS: Pesennikova, N.K., and Sakharov, I.E, . (Mo scov) 
“TITLE: Fundamental Frequency of Ta tural Vibra ations tot Ring 
Shaped Platedwith Cylindrical anisotropy” sp 
pen ene: Iavestiya Akademii nauk SSSR, Otdsleniye telangoteskshh ee 
‘nauk, Mekhanika i mashinostroyeniye, 1959, Neo os 
‘pp 134-136 (USSR) 


oe “ABSTRACT: The known ‘equation (1) ‘for: axially symmetric 1 vibration : 
: a circular plate . with eylindrical anisotropy | is 


0) 


The notation is as follows: D,, Do are.the plate 
stiffnesses in bending in the “radial and tangential. cores 
directions; “Ny; to are the principal Poisson's ratios}. — 
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